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Description 



Signal Interfacing Techniques To 
Simplify Integrated Circuit Radio 
Designs 

Background of Invention 

[0001] This application claims priority to U.S. Provisional Applica- 
tion No. 60/474,494, filed May 30, 2003 and to U.S. Pro- 
visional Application No. 60/481,139 filed July 25, 2003. 
The entirety of each of these applications is incorporated 
herein by reference. 

[0002] The present invention is related to radio transceiver inte- 
grated circuits (ICs), and more particularly, to a method to 
reduce the complexity and increase the performance of a 
radio IC. 

[0003] The design and development of radio ICs often involves 

optimizing one or more of several attributes of the IC. Ex- 
amples of such attributes are: IC development duration 
and risk (e.g., time to market), power consumption, on- 
chip noise, silicon area (to reduce overall chip size) and 



the number of connection pins. Reducing the number of 
pins on the radio IC may provide significant power con- 
sumption improvements, and mitigate development risl<s. 
[0004] A signal interface connection system and method is 

needed for connecting a radio IC with a baseband signal 
processing IC or similar signal processing device using a 
minimum number of pins, and supporting circuitry that 
does not unduly add to the silicon area, power consump- 
tion and development risk to the radio IC. 
Summary of Invention 

[0005] Briefly, a signal interfacing technique is provided for con- 
necting signals between a signal processing device and a 
radio IC by multiplexing two or more signals on a connec- 
tion pin between the radio IC and the signal processing 
device. According to one technique, transmit and receive 
signals are multiplexed such that during a transmit mode 
a transmit signal is coupled on the connection pin from 
the signal processing device to the radio IC, and during a 
receive mode a receive signal is coupled from the radio IC 
on the connection pin to the signal processing device. 
This pin sharing technique is supported by a switch in the 
radio IC and a control technique for an analog-to-digital 
converter (ADC) and a digital-to-analog converter (DAC) 



external to the radio IC. 

[0006] According to anotlier technique, transmit I and Q signals 
are multiplexed on a transmitter connection pin such that 
the transmit I signal and transmit Q signal are coupled 
from the transmitter connection pin during different time 
intervals to the appropriate signal path of the transmitter. 
Similarly, the receive I and Q signals are multiplexed on a 
receiver connection pin such that the receive I signal and 
receive Q signal are coupled to the receiver connection pin 
during different time intervals from the appropriate signal 
path of the receiver. 

[0007] jhe first technique involves multiplexing both transmit 
and receive signals over the same pin whereby during a 
transmit mode, the pin is used for transmit signals and 
during a receive mode the same pin is used for receive 
signals. The second technique involves multiplexing, e.g., 
alternating in time, transmit I and Q signals on the same 
pin during a transmit mode and alternating receive I and 
Q signals on the same pin during a receive mode. Both 
techniques reduce the number of pins required in a radio 
IC and a baseband IC for connecting the transmit and re- 
ceive signals therebetween. 

[0008] The above and other objects and advantages will become 



more readily apparent when reference is made to the fol- 
lowing description taken in conjunction with the accom- 
panying drawings. 
Brief Description of Drawings 

[0009] FIG. 1 is a block diagram showing a method for connect- 
ing a radio IC to a baseband IC that does not employ any 
pin reduction techniques. 

[0010] FIG. 2 is a block diagram of a radio IC and baseband IC 
connection scheme according to a first embodiment in 
which the number of connecting pins is reduced by shar- 
ing pins for transmit and receive signals. 

[0011] FIG. 3 is a schematic diagram of the relevant portions of a 
radio IC and a baseband IC to support the connection 
scheme shown in FIG. 2. 

[0012] FIG. 4 is a timing diagram for the control signals associ- 
ated with the circuitry shown in FIG. 3. 

[0013] FIG. 5 is a timing diagram generally illustrating the how 

data is sampled in the receive path of the baseband IC un- 
der control of a sampling clock. 

[0014] FIGs. 6-9 are diagrams showing a connection scheme ac- 
cording to a second embodiment using a technique that 
multiplexes I and Q signals over the same pin. 
Detailed Description 



[0015] FIG. 1 shows a multiple-input multiple-output (MIMO) ra- 
dio IC 150 and a baseband IC 200 that are connected to- 
gether to exchange transmit and receive signals. A MIMO 
radio IC has a unique design whereby there are multiple 
transmitters that simultaneously transmit a plurality of 
transmit signals supplied by the baseband IC and multiple 
receivers that simultaneously receive a plurality of receive 
signals for processing by the baseband IC. MIMO radio al- 
gorithms have substantial signal-to-noise ratio (SNR) and 
data rate advantages and require the simultaneous trans- 
mission and simultaneous reception of radio signals. A 
fully integrated MIMO radio IC is disclosed in commonly 
assigned co-pending U.S. Application No. 10/065,388, 
filed October 10, 2002, the entirety of which is incorpo- 
rated herein by reference. 

[0016] Designing a MIMO radio IC is particularly challenging be- 
cause the number of components on the IC is duplicated 
depending on the number of antenna paths the radio sup- 
ports. A 2-antenna path radio is shown in FIG. 1, but it 
should be understood that a MIMO radio IC could support 
3 or more antenna paths. For each antenna path 110(1) 
and 110(2), there is a transmitter 152, receiver 154 and 
switch 156, so identified by the corresponding index (i), 



where i = 1 or 2 for a 2-antenna path radio. The switch 
156 is used to couple either the transmitter or receiver to 
the corresponding antenna. 
[0017] On a M\MO radio IC, the number of connection pins can 
be numerous and the supporting circuitry complex be- 
cause of the duplicitous nature of a MIMO radio. For ex- 
ample, at least 8 pins are required to support the connec- 
tions shown in FIG. 1 in which I and Q signals are used for 
each antenna path. If differential signal paths are em- 
ployed as well, than for each pin shown in FIG. 1, there 
would be a pair of pins to transfer the differential (+ and - 
) signals, thus requiring 16 pins. It should be understood 
that each of the transmitter and receive blocks shown in 
FIG. 1 would include separate sections for I and Q upcon- 
version and downconversion, respectively, but the compo- 
nents are not shown in FIG. 1 for simplicity. FIG. 1 does 
not represent prior art but rather one signal interface 
technique that for some applications may not be desir- 
able. 

[0018] Referring to FIG. 2, a configuration is shown in which a 
connection pin is shared to couple both transmit and re- 
ceive signals between a radio IC and a baseband IC. The 
MIMO radio IC 150 connects to a baseband IC 200 via a 



plurality of pins numbered 1 through 4 onto each of which 
corresponding transmit and receive signals are multi- 
plexed. It should be understood that there are a variety of 
other pins on the radio IC 150 unrelated to the techniques 
described herein and not shown for purposes of simplic- 
ity. The baseband IC 200 or other similar signal process- 
ing device performs baseband signal modulation of sig- 
nals to be transmitted by the radio IC 150, and baseband 
demodulation of signals received by the radio IC. The 
baseband IC 200 can be any signal processing device 
(e.g., microprocessor, baseband signal processor, etc.) 
capable of processing signals supplied to, and receive 
from, the radio IC 150. In the configuration shown in FIG. 
2, I and Q transmit (Tx) and receive (Rx) signals are used, 
and therefore, the transmitter and receiver each have I 
and Q signal paths. 
[0019] In FIG. 2, the same pins are used bi-directionally, that is, 
for both transmit and receive modes. A differential I and Q 
signal configuration shown in FIG. 2 requires only 4 pins, 
as opposed to 8 pins in the configuration of FIG. 1. Asso- 
ciated with each antenna path, there are two pins, one 
each for Data I and Data Q. The signal on the appropriate 
pin is selected depending on whether the radio IC 150 is 



transmitting or receiving. For example, on pin 1 in receive 
mode, Rx Datall is coupled from the radio IC 150 to the 
signal line coupled thereto. In transmit mode, Tx Datall is 
coupled from the baseband IC 200 (or signal line con- 
nected thereto) to the radio IC 150. Similarly, Rx DataQl 
and Tx DataQl signals share pin 2, Rx Datal2 and Tx 
Datal2 share pin 3, and Rx DataQ2 and Tx DataQ2 share 
pin 4. This is an illustration of the transmit/receive shar- 
ing scheme and it may be extended to differential signals, 
or simplified to support multiplexing transmit and receive 
signals that do not use I and Q signals. 

[0020] Jo be more precise in terms of operation of a MIMO radio 
IC, in a transmit mode, pins 1-4 are used to couple trans- 
mit signals from the baseband IC 200 to the radio IC 150 
as follows. 

[0021] Pin l:Tx Datall 

[0022] Pin 2: Tx DataQl 
[0023] Pin 3: Tx Datal2 
[0024] Pin 4: Tx DataQ2 

[0025] jiie radio IC 150 processes these signals so that two sig- 
nals Tx 1 (derived from RF processing Tx Datall and Tx 
DataQl) and Tx 2 (derived from RF processing Tx Datal2 



and Tx DataQZ) are simultaneously transmitted by radio 
IC 150. 

[0026] On the other hand, In a receive mode, pins 1-4 are used 
to couple to the baseband IC 200 receive signals simulta- 
neously received by the radio IC 150 as follows: 

[0027] Pin 1: Rx Datall 

[0028] Pin 2: Rx DataQl 
[0029] Pin 3: Rx Datal2 
[0030] Pin 4: Rx DataQ2 

[0031] Turning to FIG. 3, the circuitry in the radio IC 150 and in 
the baseband IC 200 is shown that supports the transmit/ 
receive pin sharing configuration shown in FIG. 2. Pin 1 
shares Rx Datall and Tx Datall. The circuitry Is shown for 
one bi-directional data path between pin 1 of the radio IC 
150 and a signal line coupled to a counterpart pin of the 
baseband IC 200. This same circuitry Is repeated for each 
of the radio IC connection pins 2-4. In the radio IC 150, 
there is an analog switch 158(11) coupled to the connec- 
tion pin 1 that selects the position that connects to pin 1. 
In receive mode, the switch 158(11) selects a switch posi- 
tion that couples the output of the low noise amplifier 
(LNA) In the I path of the l/Q downconverter of the re- 



ceiver for antenna path 1 for coupling to the baseband IC 
200. In transmit mode, the switch 158(11) selects a posi- 
tion that couples the Tx Data II from the baseband IC 200 
to the I path of the l/Q upconverter of the transmitter for 
antenna path 1. 
[0032] In the baseband IC 200 (or on another device or circuit 

board between the radio IC and the baseband IC), there is 
an analog-to-digital converter (ADC) 210(i) and a digital- 
to-analog converter (DAC) 220(i), for i = 1 to 4. The DAC 
220 is, for example, a standard current output type. The 
output of the DAC 220(1) and the input to the ADC(i) 210 
are connected together to the corresponding pin either in 
the baseband IC 200 itself or on the board to which the 
baseband IC 200 is mounted. The ADC 210(1) converts a 
receive signal to a digital signal and the DAC 220(i) con- 
verts a transmit signal to an analog signal. A sample/hold 
(S/H) circuit 212(i) is coupled to the input of the ADC 
210(1). A control circuit or logic 230 generates control 
signals to control the S/H circuits 212(1), the ADCs 210(1) 
and the DACs 220(1). Specifically, the control circuit 230 
generates an ADC sample clock signal and a DAC power 
down signal. The ADCs 210(i) and S/H circuits 212(i) are 
controlled by the ADC sampling clock. The ADC sampling 



clock puts the ADC 210(i) in either a SAMPLE state (High) 
or a HOLD state (Low). The DACs 220(i) are controlled by 
the DAC power down signal which takes on either an AC- 
TIVE state (Low) or an INACTIVE/ power down state (High). 
The timing of these signals is shown in FIG. 4. The polari- 
ties of these signals could be reversed. The baseband IC 
200 is normally in receive mode, until and if there is data 
to transmit, upon which it switches to transmit mode. 
Thus, the baseband IC 200 has control over the state of 
the ADCs 210 and DACs 220. The same circuitry arrange- 
ment is duplicated for the Q path of antenna path 1, the I 
path of antenna path 2 and the Q path of antenna path 2. 
Though not shown, there would be a switch 158(Q1) for 
the Q path of antenna path 1 and a switch 158(12) for the I 
path of antenna path 2. FIG. 3 shows switch 158(Q2) for 
the Q path of antenna path 2 as well as the digital logic 
circuitry for the corresponding path in the baseband IC 
200. A single control logic circuit 230 may integrate the 
control functions of the circuitry for all of the signal paths. 
Moreover, the ADCs 210(1) to 210(4) may be integrated 
into one ADC and the DACs 220(1) to 210(4) may be inte- 
grated into one ADC. 
[0033] vvith reference to FIGs. 4 and 5, in the receive mode, each 



DAC 220(i) is switched to a power-down mode wliicli lias 
a liigli output impedance to minimize any signal coupling 
from the output of the DAC 220(i) onto the radio IC pin. In 
the transmit mode, the ADC's sample clock is held in the 
HOLD state rather than the SAMPLE (or TRACK) state. This 
creates a high input impedance at the ADC input to mini- 
mize signal coupling from the DAC 220(1) into the ADC 
210(i) and the ADC 210(1) does not distort the waveform. 

[0034] The bi-directional signal paths shown in FIGs. 2 and 3 
have significant advantages over other designs, such as 
the one shown in FIG. 1. In terms of physical differences, 
there is a savings of at least half the number of pins. 
Moreover, reducing the number of pins and associated 
signal paths also reduces the on-chip noise. 

[0035] Jo summarize and generalize the configuration depicted 
in FIGs. 2-5, a radio IC is provided that comprises at least 
one receiver that produces a receive signal and at least 
one transmitter that processes a transmit signal for trans- 
mission, and a connection pin that couples the transmit 
signal supplied to the radio IC for processing by the 
transmitter during a transmit mode and couple as output 
the receive signal produced by the receiver during a re- 
ceive mode. A switch is coupled to the connection pin that 



in a first position (in the transmit mode) couples the con- 
nection pin to an input signal path of the transmitter to 
connect the transmit signal to the radio IC, and in a sec- 
ond position (in the receive mode) couples the connection 
pin to an output of the receiver to output the receive sig- 
nal produced by the receiver. The transmitter and receiver 
may each have an in-phase (I) signal path and a quadra- 
ture (Q) signal path. In such a configuration, the radio IC 
has a connection pin associated with the in-phase (I) sig- 
nal path that is shared for a transmit I signal or a receive I 
signal, and a connection pin associated with the quadra- 
ture (Q) signal path that is shared for a transmit Q signal 
or a receive Q signal. Furthermore, each of the transmitter 
and receiver may have differential signal paths. In this 
case, there is a pair of connection pins associated with the 
transmitter/receiver pair. For example, in the context of 
FIGs. 2 and 3, pins 1-4 would be replaced by 4 pairs of 
connection pins. Each pair of connection pins is shared to 
couple differential transmit signals supplied to the radio 
IC for processing by the transmitter and to couple as out- 
put differential receive signals produced by the receiver. If 
differential signals are employed, the supporting circuitry 
shown in FIG. 3, e.g., switches in the radio IC, ADCs and 



DACs would be capable of handling differential signals. 
[0036] The radio IC may comprise a plurality of transmitters and 
a plurality of receivers arranged in transmitter/receiver 
pairs with each transmitter/receiver pair associated with a 
corresponding one of a plurality of antennas connected to 
the radio IC. A plurality of connection pins are provided 
on the radio IC, each pin associated with an I and Q signal 
path, if supported, of a corresponding transmitter/re- 
ceiver pair. Each connection pin couples either a corre- 
sponding transmit signal to the radio IC for transmission 
processing or couples a corresponding receive signal pro- 
duced by a corresponding receiver. Furthermore, associ- 
ated with each transmitter/receiver pair is a correspond- 
ing one of a plurality of switches. Each switch in a first 
position couples the corresponding connection pin to the 
transmitter during a transmit mode to connect a corre- 
sponding transmit signal to the radio IC, and in a second 
position during a receive mode couples the connection pin 
to output a corresponding receive signal produced by the 
corresponding receiver. As described above, a multiple 
transmitter and receiver (i.e., MIMO) configuration may 
also support differential signals for each I and Q signal 
path of each transmitter and receiver. A system is formed 



by connecting the radio IC to a signal processing device 
tliat produces tlie plurality of transmit signals for trans- 
mission processing by the radio IC and that processes the 
plurality of receive signals produced by the radio IC. 

[0037] According to the second embodiment, the transmit I and 
Q signals are multiplexed on the same pin during a trans- 
mit mode and the receive I and Q signals are multiplexed 
on the same pin during a receive mode. For example, the I 
and Q signals are alternately coupled on a connection pin 
during both transmit and receive modes. Referring to 
FIGs. 6 through 9, a scheme is shown to multiplex differ- 
ential I and Q signals over the same pin. 

[0038] FIG. 6 shows the configuration in a transmit mode in 

which pins 1-4 are transmitter connection pins of the ra- 
dio IC 150 and are used for multiplexing transmit I and Q 
signals to the radio IC 150. For example, signals Tx Data 
11+ and Tx DataQl+ are multiplexed on pin 1. Signals Tx 
Data II- and Tx Data Ql- are multiplexed on pin 2. Simi- 
larly, signals Tx Data 12+ and Tx Data Q2+ are multi- 
plexed on pin 3, and signals Tx Data 12- and Tx Data Q2- 
are multiplexed on pin 4. A timing control block 240 is 
provided in the baseband IC 200 and a timing control 
block 160 is provided in the radio IC 150. The timing 



blocks are driven off of an external clock reference, and 
the clock signals synchronize clock+ (SCLP) and synchro- 
nize clock- (SCLN) generated in either the baseband IC 
200 or radio IC 150 (are shared with the other IC) to coor- 
dinate the exchange of signals according to the timing 
pattern shown in FIG. 7, for example. 
[0039] A multiplexer 170 in the radio IC 150 is controlled by a 

signal generated by the timing block 160 to route the ap- 
propriate Tx signals to a corresponding S/H circuit 159(1), 
159(2), 159(3) and 159(4), respectively, and ultimately to 
a filter in the corresponding transmitter path. The multi- 
plexer 170 comprises transmitter multiplexer circuits 
170(1) to 170(2) to route the signals coupled to the trans- 
mitter connection pins to the appropriate S/H circuit for 
the appropriate transmitter signal path. For example, dur- 
ing a first time interval multiplexer circuit 170(1) routes 
from transmitter connection pins 1 and 2, respectively, Tx 
Datall+ and Tx Datall- to the S/H circuit 159(1) and 
subsequently during a second time interval routes from 
transmitter connection pins 1 and 2, respectively, Tx 
DataQl+ and Tx DataQl- to the S/H circuit 159(2). Simi- 
larly, during the first time interval multiplexer circuit 
170(2) routes from transmitter connection pins 3 and 4, 



respectively, Tx Datal2+ and Tx Datal2- to S/H circuit 
159(3) and subsequently during the second time interval 
routes from transmitter connection pins 3 and 4, respec- 
tively, Tx DataQ2+ and Tx DataQ2- to S/H circuit 159(4). 
Thus, the transmitter multiplexer circuits couple during 
different time intervals (e.g., alternately couple) the trans- 
mit I signal and transmit Q signal from the corresponding 
transmitter connection pin to I and Q signal paths, re- 
spectively, of the transmitter in the radio IC 150. 
[0040] FIG. 8 shows how signals are multiplexed from the radio 
IC 150 to the baseband IC 200 in a receive mode on re- 
ceiver connection pins 5-8. The multiplexer 170 com- 
prises receiver multiplexer circuits 170(3) and 170(4) that 
route the receive signals produced by the radio IC 150. 
Similar to FIGs. 6 and 7, the timing blocks 240 and 160 
coordinate the exchange of signals according to the tim- 
ing pattern shown in FIG. 9. For example, during a first 
time interval multiplexer 170(3) routes to receiver con- 
nection pins 5 and 6, respectively, Rx Datall+ and Rx 
Datall- from S/H circuit 159(5) and subsequently during 
a second time interval routes to receiver connection pins 5 
and 6, respectively, Rx DataQl+ and Rx DataQl- from S/ 
H circuit 159(6). Similarly, during the first time interval 



multiplexer 170(4) routes to receiver connection pins 7 
and 8, respectively, Rx Datal2+ and Rx Datal2- from S/H 
circuit 159(7) and subsequently during a second time in- 
terval routes to receiver connection pins 7 and 8, respec- 
tively, Rx DataQ2+ and Rx DataQ2- from S/H circuit 
159(8). Thus, the receiver multiplexer circuits couple dur- 
ing different time intervals (e.g., alternately couple) re- 
ceive I and Q signals to the corresponding receiver con- 
nection pin from the I and Q signal paths, respectively, of 
the receiver in the radio IC. 
[0041] While FIGs. 6 and 8 show separate multiplexer circuits to 
handle the signal routing for transmit mode and for re- 
ceive mode, it should be understood that one set of mul- 
tiplexer circuits may supported the multiplexing opera- 
tions for both transmit and receive modes. In this case, 
there would be a plurality of multiplexer circuits each as- 
sociated with a corresponding transmitter/receiver pair 
that multiplexes the corresponding transmit I signal and 
transmit Q signal from the corresponding transmitter 
connection pin to the respective I and Q signal paths of 
the corresponding transmitter, and that multiplexes the 
corresponding receive I signal and receive Q signal from 
the respective I and Q signal paths of the corresponding 



receiver to the corresponding receiver connection pin. Tlie 
same is true for the S/H circuits. 
[0042] Moreover, while the foregoing description of FIGs. 6-9 
describes that the I signal is coupled during a time inter- 
val before the Q signal, it should be understood the order 
may be reversed. Furthermore, while FIGs. 6-9 show an 
implementation for differential signals, the same tech- 
niques may be applied to single-ended signals, in which 
case the multiplexer circuits and S/H circuits would han- 
dle single-ended signals. Further still, while the multi- 
plexing technique described above and shown in FIGs. 
6-9 is one that alternates usage of the connection pin be- 
tween an I signal (I time interval) and a Q signal (Q time 
interval), other multiplexing patterns are envisioned such 
as Q-l-Q-l-Q-l or l-l-Q-Q-l-l-Q-Q, or other pattern that 
may be useful. The connection pin is used during different 
time intervals (hence "multiplexed") for either an I signal 
or a Q signal. 

[0043] Jo summarize and generalize the configurations of FIGs. 
6-9, a radio transceiver integrated circuit (IC) is provided 
comprising at least one transmitter and at least one re- 
ceiver, each of which includes an in-phase (I) signal path 
and a quadrature (Q) signal path; a transmitter connection 



pin on which a transmit I signal and a transmit Q signal 
are multiplexed for connection to the respective I and Q 
signal paths of the transmitter; and a receiver connection 
pin on which a receive I signal and a receive Q signal are 
multiplexed from the respective I and Q signal paths of 
the receiver. When the I and Q signals on a connection pin 
are multiplexed in this manner, they are coupled on the 
pin during different time intervals. For example, the I sig- 
nal is coupled during a first time interval and the Q signal 
is coupled during a second time interval subsequent the 
first time interval. This alternating pattern repeats until 
the transfer session is complete. If the I and Q signal 
paths of the transmitter and receiver are differential, there 
is a pair of transmitter connection pins on which differen- 
tial transmit I and transmit Q signals are multiplexed (e.g., 
alternately coupled), and a pair of receiver connection pins 
on which differential receive I and receive Q signals are 
multiplexed (e.g., alternately coupled). There may be sep- 
arate transmitter and receiver multiplexer circuits to han- 
dle the transmit I and Q multiplexing, or one multiplexer 
circuit to handle both transmit I and Q multiplexing and 
receive I and Q multiplexing. In the latter case, the multi- 
plexer circuit during a receive mode couples to the re- 



ceiver connection pin the receive I and receive Q signals 
during different time intervals from the I and Q signal 
paths, respectively, of the receiver, and during a transmit 
mode, couples from the transmitter connection pin the 
transmit I and transmit Q signals during different time in- 
tervals to the I and Q signal paths, respectively of the 
transmitter. 

[0044] jhe radio IC may comprise a plurality of transmitters and 
a plurality of receivers, wherein a transmitter/receiver pair 
is associated with a corresponding one of a plurality of 
antennas connected to the radio IC. In this case, there is a 
plurality of transmitter connection pins each associated 
with a corresponding transmitter and a plurality of receive 
connection pins each associated with a corresponding re- 
ceiver. On each transmitter connection pin corresponding 
transmit I and Q signals are multiplexed (e.g., alternately 
coupled) to the I and Q signal paths, respectively, of the 
associated transmitter. Similarly, on each receiver connec- 
tion pin corresponding receive I and receive Q signals are 
multiplexed (e.g., alternately coupled) from the I and Q 
signal paths, respectively, of the associated receiver. If 
each of the I and Q signal paths of each of the transmit- 
ters and receivers has differential signal paths, then there 



is a plurality of pairs of transmitter connection pins on 
which corresponding differential transmit I and transmit Q 
signals are multiplexed (e.g., alternately coupled) to the I 
and Q signal paths, respectively, of the associated trans- 
mitter. This is the configuration shown in FIG. 6. Similarly, 
there is a plurality of pairs of receiver connection pins on 
which corresponding differential receive I and receive Q 
signals are multiplexed (e.g., alternately coupled) from the 
I and Q signal paths, respectively, of the associated re- 
ceiver. This is the configuration shown in FIG. 8. 
[0045] A system may be formed from the radio IC and a signal 

processing device (e.g., a baseband IC) that are connected 
together, whereby the signal processing device supplies 
the transmit I and Q signals to the radio IC for transmis- 
sion processing and processes the receive I and Q signal 
from the radio IC. In this system, there may be a timing 
circuit in the radio IC and a timing circuit in the signal 
processing device. One of these circuits generates timing 
signals that are shared with the other in order to coordi- 
nate the transfer of transmit I and transmit Q signals from 
the signal processing device to the radio IC and to coordi- 
nate transfer of the receive I and Q signals from the radio 
IC to the signal processing device. 



[0046] The techniques shown in FIGs. 2-5 may have certain ad- 
vantages over the techniques shown in FIGs. 6-9. For cer- 
tain applications, there may be less risk (and thus greater 
development schedule predictability) in developing and 
fabricating an IC using the design of FIGs. 2-5 than the 
design of FIGs. 6-9 because the timing coordination is 
much less complex to implement than a scheme that 
time-multiplexes I and Q signals over the same pin. In 
addition, depending on the application, for a 2-antenna 
path IVIIMO radio IG using I and Q differential signals, the 
techniques of FIGs. 2-5 use approximately 10% less sili- 
con area and 20% less power than the techniques of FIGS. 
6-9. 

[0047] As an example, a MIMO radio IG that has 2-antenna paths 
and uses differential I and Q signal paths for each trans- 
mitter and receiver would require 16 pins for the transmit 
and receive signals using the technique of FIG. 1, 9 pins 
using the technique of FIGs. 2-5 (including a miscella- 
neous additional pin for control) and 12 pins using the 
technique of FIGs. 6-9. In addition, the die area is pad 
limited using the technique of FIG. 1, core limited using 
the technique of FIGs. 2-5, and pad/core limited using the 
technique of FIGs. 6-9. The connection configuration of 



FIGs. 2-5 may use less power than the technique of FIGs. 
6-9. 

[0048] While the foregoing techniques have been described in 

connection with a MIMO radio IC, it should be understood 
that they are useful for single antenna path radio ICs hav- 
ing a single transmitter and a single receiver, or to a 
transmitter IC and receiver IC. Moreover, as described 
above, the techniques are applicable to systems that use 
differential or single-ended signals, as well as systems 
that use in-phase and quadrature signals (I and Q) or a 
single phase signals. The method may be employed to 
connect signals between at least one of a radio transmit- 
ter and a radio receiver (not necessarily on the same inte- 
grated circuit) and a signal processing device by multi- 
plexing two or more signals on a connection pin between 
the signal processing device and one or both of the radio 
transmitter and radio receiver. Furthermore, while these 
techniques are described as being useful to reduce the 
number of pins required on a radio IC, they also reduce 
the number of pins required on a baseband IC or other 
similar processing device that couples to the radio IC. This 
is clearly evident by the diagrams of FIGs. 2, 3, 4, 6 and 8 
in which, in the context of the techniques described 



herein, for the radio IC pins shown, there may be a corre- 
sponding baseband IC pin. 

The above description is intended by way of example only. 



